per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 

BOIL 7/02, G05D 23/19 
H05B6/80, C12Q 1/68 



Al 



(11) International Publication Number: WO 91/12888 

(43) International Publication Date: 5 September 1991 (05.09.91) 



(21) International Application Number: PCT/NL91/00034 

(22) International Filing Date: 28 February 1991 (28.02.91) 



(30) Priority data: 
9000481 



28 February 1990 (28.02.90) NL 



(71) Applicant (for all designated States except US): KREATECH 

BIOTECHNOLOGY B.V. [NL/NL]; Kollenbergweg 2, 
NL-1 101 AS Amsterdam (NL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : VOLKERS, Herman, 
Hendricus [NL/NL]; Com. Dirksznlaan 103, NL-1 141 
WP Monnickendam (NL). VAN DEN BERG, Francis- 
cus, Michiel [NL/NL]; Klaterbos 75, NL-2134 JB 
Hoofddoip (NL). 



(74) Agent: DE VRIES, Johannes, Hendrik, Fokke; Octrooibu- 
reau Los en Stigter B.V., Weteringschans 96, NL-1017 
XS Amsterdam (NL). 



(81) Designated State: AT (European patent), AU, BE (Euro 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FI, FR (European patent), GB (European patent), 
GR (European patent), IT (European patent), JP, LU 
(European patent), NL (European patent), SE (Euro- 
pean patent), US. 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Dutch). 



(54)Htle: APPARATUS FOR AUTOMATICALLY PERFORMING A BIOTECHNOLOGICAL PROCESS AT DIFFER- 
ENT DESIRED TEMPERATURES 



(57) Abstract 



An apparatus for automatically performing a bio- 
technological process at different desired temperatures 
comprises a reactor space (1) with a water bath (2) in 
which a plurality of sample containers (5) with samples to 
be examined can be placed. The desired temperatures and 
periods during which each adjusted temperature should be 
maintained, are adjustable by adjustment means, wherein 
a temperature sensor (13) for measuring the temperature of 
the water bath is provided and a control unit (11) controls 
the temperature of the water bath in dependence on the 
measured temperature and time. At least one magnetron 
tube (12) is provided in the reactor space for heating the 
water bath and the sample containers placed in the same. 
The water bath is connectable to a water conduit through a 
water supply conduit (6) wherein the control unit controls 
the magnetron tube (12) and the valves (7, 9) in depen- 
dence on the desired temperature and time. 
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Apparatus for automatically performing a biotechnological pro- 
cess at different desired temperatures 

The invention relates to an apparatus for automati- 
cally performing a biotechnological process at different 
desired temperatures, comprising a reactor space with a water 
bath in which a plurality of sample containers with samples to 
5 be examined can be placed, adjustment means to adjust the de- 
sired temperatures and periods during which each adjusted tem- 
perature should be maintained, a temperature sensor for measu- 
ring the temperature of the water bath and a control unit for 
controlling the temperature of the water bath in dependence on 

10 the measured temperature and time. 

An apparatus of this type is used recently mainly 
for applying a technique receiving a lot of attention and ge- 
nerally indicated by Polymerase Chain Reaction (PCR) . This 
technique is based on a cyclically repeated DNA synthesis by 

15 means of a thermostable DNA polymerase. For applying this PCR 
technique the sample containers with the samples to be treated 
should be able to be maintained at three different tempera- 
tures during three different periods. Further passing through 
these temperatures should be cyclically repeated a number of 

20 times. As an example a cycle can be mentioned of subsequently 
95°C during 1 minute, 37°C during 30 s and 65°C during 3 minu- 
tes, which cycle should be passed through 32 times. 

In a known apparatus of this type the water bath is 
filled each time from one of three reservoirs in which water 

25 with the respective desired temperature is contained, in order 
to realize the three desired temperatures. Thereby the known 
apparatus has a rather complicated construction. Moreover the 
water in the different reservoirs has to be maintained at the 
desired temperature, wherein the water at the high temperature 

30 of 95 °C evaporates quickly, while the water at the low tempe- 
rature of 37 °C forms an ideal medium for pollutants. Further 
this known apparatus has the disadvantage that the sample con- 
tainers are heated indirectly by the water, whereby it takes 
a long time before the samples themselves have reached the 

35 desired temperature. The overall process thereby takes a lot 
of time. 
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In an other known apparatus Peltier elements are used 
for realizing the different desired temperatures. This known 
apparatus also has the disadvantage that the desired tempera- 
ture of the samples themselves is reached only slowly due to 
5 the indirect heating. Further the temperature distribution 
along the carrier for the sample containers heated by the 
Peltier elements is not uniform. 

The invention aims to provide an apparatus of the 
above-mentioned type wherein the disadvantages of the known 

10 apparatus are obviated in an effective manner. 

To this end the apparatus of the above-mentioned type 
is according to the invention characterized in that at least 
one magnetron tube is mounted in the reactor space for heating 
the water bath and the sample containers placed in the same 

15 and in that the water bath is connectable to a water conduit 
through a water supply conduit wherein the control unit con- 
trols the magnetron tube and the valve in dependence on the 
desired temperature and time. 

In this manner it is obtained that the samples in the 

20 sample containers can be brought quickly at the desired tempe- 
rature because the samples together with the water bath are 
directly heated by the microwave radiation of the magnetron 
tube. To reach the low temperature of for example 37 °C the 
samples can be cooled quickly by supplying fresh cold water to 

25 the water bath. In the apparatus according to the invention it 
is not necessary to maintain several water supplies at diffe- 
rent temperatures. Thereby no problems like evaporation and 
bacterial growth in the water bath occur. Because the samples 
can be brought quickly at the desired temperatures, the 

30 overall process time can be shortened substantially. Further 
it is possible to cool very quickly the samples after the end 
of the overall process, whereby the treated samples can be 
preserved well. 

Preferably, an electrically operable valve is provi- 

35 ded in the water supply conduit, said valve being controllable 
by the control unit. Thereby the control unit can also main- 
tain the supply of cold water in dependence on the different 
desired temperatures. 

The invention will be further explained by reference 

40 to the drawing, in which an embodiment of the apparatus accor- 
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ding to the invention is shown very schematically. 

The apparatus shown in the drawing is adapted to 
automatically perform a biotechnological process known as 
Polymerase Chain Reaction (PCR) . This process is based on a 
5 cyclically repeated DNA synthesis by means of a thermostable 
DNA polymerase. This process includes for example 32 cycles 
wherein a sample is maintained during predetermined periods at 
predetermined temperatures. The PCR cycle may for example com- 
prise a period of 1 minute during which the sample is main- 

10 tained at 95°C, a period of 30 s during which the sample is 
maintained at 37 °C and a period of 3 minutes during which the 
sample is maintained at 65°C. The several periods are indica- 
ted generally by incubation period. 

The apparatus shown comprises a chamber 1 which can 

15 be closed by a door not shown in the drawing. A closed water 
bath 2 is supported on a support plate 3 in the chamber 1, 
which water bath is provided with a plurality of adjacent rows 
of receiving spaces 4 for small reaction vessels 5, only one 
row of receiving spaces 4 being shown in the drawing. It is 

20 noted that the chamber 1, the water bath 2 and the receiving 
spaces for reaction vessels 5 are not shown to scale in the 
drawing. 

The water bath 2 is provided with an inlet line 6 
which is connectable to a water conduit indicated by an arrow 

25 through an electrically operable mixing valve 7. Further the 
water bath 2 has an outlet line 8 which is connected with a 
discharge through an electrically operable valve 9 and is con- 
nected with the mixing valve 7 through a return line 10. If 
desired a circulating pump can be included in the return line 

30 for circulating the water through the water bath 2. It is also 
possible to provide a normal electrically operable valve in 
the inlet line 6 and to have the outlet line 8 debouching di- 
rectly to a discharge, in which case a return line is not pro- 
vided. 

35 The above-mentioned valves 7 and 9 are operated by a 

control unit 11. This control unit 11 further controls a mag- 
netron tube 12 mounted in the chamber 1 for generating micro- 
wave radiation in the chamber 1 to heat directly the samples 
contained in the reaction vessels 5. Further a temperature 

40 sensor 13 for measuring the temperature of the water in the 
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water bath 2 is connected to the control unit 11. 

A key board 14 is provided for adjusting the diffe- 
rent desired temperatures , the incubation periods and the num- 
ber of subsequent cycles, while further a display means 15 is 
5 connected to the control unit 11, by means of which several 
data can be shown, for example the current temperature of the 
water in the water bath 2 and the number of cycles finished. 
The operation of the described apparatus is as 

follows. 

10 The three desired temperatures with corresponding 

incubation periods together with the number of cycles desired 
are adjusted through the key board 14. A water tap 16 is 
opened so that the water bath 2 can be filled with water 
through the mixing valve 7. Subsequently a start button provi- 

15 ded on the key board 14 is pressed, whereafter the control 
unit 11 switches on the magnetron tube 12 so that the water 
and the sample in the reaction vessels 5 are heated upto 95 °C. 
The mixing valve 7 is closed at this time. The water bath 2 is 
subsequently maintained at 95°C during the adjusted incubation 

20 period of for example one minute by switching on and off the 
magnetron tube 12 by means of the control unit 11 in depen- 
dence on the temperature of the water in the water bath 2 
measured by the temperature sensor 13. Experiments have shown 
that this temperature of the water accurately corresponds with 

25 the temperature of the samples. At this time, if desired, the 
water can be circulated by a pump not shown to avoid a tempe- 
rature too high and it is possible to add cold water through 
the mixing valve 7. 

After the first period the control unit 11 switches 

30 off the magnetron tube 12 and opens the mixing valve 7 so that 
a quick cooling to 37 °C is obtained. This temperature is than 
maintained during 30 seconds for example by switching on the 
magnetron tube 12 periodically and opening and closing the 
valve 7. 

35 After the lapse of the period of 30 seconds the con- 

trol unit 11 closes the mixing valve 7 and switches on the 
magnetron tube 12 whereby the temperature of the water bath 2 
is increased upto 65°C, which temperature is maintained during 
three minutes for example. After this third period the tempe- 

40 rature is increased again upto 95°C and the described cycle is 



WO 91/12888 5 PCT/NL91/00034 

repeated the said number of times. 

After completion of the complete process the valve 7 
is opened so that the temperature in the water bath 2 is 
brought very quickly at the temperature of the cold water. 
5 From the foregoing it will be clear that the appara- 

tus described has the important advantage that the samples in 
the reaction vessels 5 are directly heated by the microwave 
radiation whereby the several incubation times can be chosen 
shorter so that the overall process can be shortened signifi- 

10 cantly. After the overall process the samples can be cooled 
quickly whereby the treated samples are preserved well. 
Further several water baths each to be maintained at a prede- 
termined temperature, are not required anymore, whereby the 
involved problems of a quick evaporation of the water and a 

15 strong pollution are avoided. 

The invention is not restricted to the above- 
described embodiment which can be varied in a number of ways 
within the scope of the enclosed claims. 
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Claims 
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1. Apparatus for automatically performing a bio- 
technological process at different desired temperatures, com- 
prising a reactor space with a water bath in which a plurality 
of sample containers with samples to be examined can be 

5 placed, adjustment means to adjust the desired temperatures 
and periods during which each adjusted temperature should be 
maintained, a temperature sensor for measuring the temperature 
of the water bath and a control unit for controlling the tem- 
perature of the water bath in dependence on the measured tem- 

10 perature and time, characterized in that at least one magne- 
tron tube is mounted in the. reactor space for heating the 
water bath and the sample containers placed in the same and in 
that the water bath is connectable to a water conduit through 
a water supply conduit wherein the control unit controls the 

15 magnetron tube and the valve in dependence on the desired tem- 
perature and time. 

2. Apparatus according to claim 1, characterized in 
that an electrically operable valve is provided in the water 
supply conduit, said valve being controllable by the control 

20 unit. 

3. Apparatus according to claim 2, characterized in 
that a water discharge conduit of the water bath can be 
coupled with the water supply conduit for obtaining a closed 
circulation circuit during maintaining a desired temperature 

25 of the water bath. 
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